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Effects of Orbital Decompression on Lamina Cribrosa Depth in 
Patients with Graves’ Orbitopathy
Yuri Seo, Woo Beom Shin, Hyoung Won Bae, Jin Sook Yoon
Department of Ophthalmology, Institute of Vision Research, Severance Hospital, Yonsei University College of Medicine, Seoul, Korea
Purpose: We sought to investigate the effects of Graves’ orbitopathy (GO) and orbital decompression on lamina 
cribrosa depth (LCD) using spectral-domain optical coherence tomography.
Methods: Forty eyes that underwent orbital decompression to relieve compressive optic neuropathy or correct 
disfiguring exophthalmos in the context of GO were included. Subjects were imaged with spectral-domain op-
tical coherence tomography before surgery and at 1 and 3 months after surgery, at which the examiner mea-
sured the LCD (distance from the anterior surface of the lamina cribrosa to the Bruch membrane opening line) 
and peripapillary retinal nerve fiber layer thickness. Subjects were divided into two groups—a muscle-domi-
nant group composed of patients who had extraocular muscle enlargement on preoperative orbital computed 
tomography scan and a fat-dominant group composed of patients who did not show extraocular muscle en-
largement on preoperative orbital computed tomography scan—and subgroup analysis was performed. Pre-
operative and postoperative intraocular pressure, exophthalmos, LCD, and retinal nerve fiber layer thickness 
were evaluated.
Results: At baseline, LCD was remarkably shallower in the muscle-dominant group than in the fat-dominant 
group (95% confidence interval, p = 0.007). In the muscle-dominant group, LCD showed no definite change af-
ter surgery. However, the fat-dominant group showed temporary posterior displacement of the lamina cribrosa 
at 1-month postoperation that was reversed to baseline at 3 months postoperation (95% confidence interval, p 
< 0.01).
Conclusions: The lamina cribrosa was anteriorly displaced preoperatively, and its position was nearly un-
changed after the surgery, especially in association with extraocular muscle enlargement. An enlarged extra-
ocular muscle could reduce the pressure-relieving effect of orbital decompression around the scleral canal in 
patients with GO. 
Key Words: Decompression, Extraocular muscles, Graves ophthalmopathy, Optic nerve, Optical Coherence 
tomogrphy  
Graves’ orbitopathy (GO) is an autoimmune disorder 
characterized by expansion of retrobulbar tissue including 
fat and extraocular muscle, leading to several sequelae 
such as proptosis, strabismus, eyelid abnormality, and de-
creased visual acuity [1]. Orbital decompression has been 
previously regarded as a suitable treatment of choice to 
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minimize such sequelae in patients with GO [2]. This ap-
proach involves the removal of bone or fatty tissue com-
posing the orbit, resulting in a radical change in orbit anat-
omy [3]. Orbital decompression may also improve orbital 
vascular circulation to avoid sight-threatening complica-
tions with respect to compressive optic neuropathy (CON) 
[4]. 
The lamina cribrosa (LC) is the structure that supports 
the optic nerve axons and the central retinal artery that 
passes through the lamina pores. Posterior displacement of 
the LC has been regarded as one of the important causes of 
glaucomatous optic nerve damage due to compromised ax-
onal transport and blood flow to the optic nerve [5]. After 
intraocular pressure (IOP)-lowering surgery, reversal of 
LC displacement was observed in patients with primary 
open-angle glaucoma [6]. The LC position is determined 
by translaminar pressure difference, or the difference be-
tween IOP and retrolaminar tissue pressure [7]. Dev et al. 
[8] observed that IOP decreased after orbital decompres-
sion for GO. In addition, Otto et al. [9] demonstrated that 
retrobulbar pressure decreased after orbital decompression 
and Perez-Lopez et al. [10] evaluated the changes in retrob-
ulbar ocular blood flow in conjunction with orbital decom-
pression and showed that resistance indexes in the central 
retinal artery and ophthalmic artery decreased after the 
procedure. Further, patients with GO may have abnormal 
choroidal perfusion, and orbital decompression may im-
prove choroidal circulation in these individuals [4]. In view 
of these previous studies, we evaluated baseline LC depth 
(LCD) and change in LCD after orbital decompression in 
GO. 
Materials and Methods
Study design and participants
This prospective, observational case series study was 
conducted at Severance Hospital, Yonsei University Col-
lege of Medicine in Seoul, Korea. The sample size calcula-
tion was based on LCD change from baseline to the 
3-month follow-up between a muscle-dominant group and 
a fat-dominant group. Assuming a 90% power with a type 
I error rate of 0.05, the study would need to recruit more 
than 36 eyes in total. 
Sixty-nine eyes of 42 patients with GO who received or-
bital two-wall decompression with fat or bone removal 
were enrolled in the study. Patients underwent surgery to 
correct disfiguring proptosis caused by GO or to relieve 
CON. All decompression surgeries in this study were per-
formed by one surgeon with the same surgical method. In 
this case series, surgical methods were not significantly 
different between the muscle- and fat-dominant groups. 
About 3 to 4 mL of intraconal fat was removed selectively 
from the posterior and temporal orbital areas in both 
groups. All patients underwent orbital two-wall decom-
pression of the ethmoid and floor with posterior strut re-
moval. Lateral decompression was not performed. The 
surgical procedure was mostly standardized, although the 
amount of decompression varied according to preoperative 
degree of exophthalmos. Patients who had history of in-
f lammatory disease, ocular surgery, or trauma were ex-
cluded. Eyes with coexisting retinal or glaucomatous dis-
ease that could affect the retinal nerve fiber layer (RNFL) 
thickness also were excluded from this study. The institu-
tional review board of Severance Hospital, Yonsei Univer-
sity College of Medicine approved this study (IRB 4-2017-
0582). This study followed the tenets of the Declaration of 
Helsinki, and written informed consent was obtained from 
all participants after an explanation of the nature and pos-
sible consequences of the study.
Clinical data of age, sex, spherical equivalent (measured 
with the KR-7100 autokeratometer; Topcon, Tokyo, Japan), 
axial length (measured using the IOLMaster; Carl Zeiss 
Meditec, Dublin, CA, USA), central corneal thickness 
(measured using the UP-1000 ultrasonic pachymeter; 
Nidek Technologies, Gamagori, Japan), preoperative IOP 
as measured by Goldmann applanation tonometry, and the 
Hertel exophthalmometry value were collected for each 
subject. Optic discs were examined using the Spectralis 
optical coherence tomography (OCT) system (Heidelberg 
Engineering GmbH, Heidelberg, Germany) at 1 day before 
surgery and at 1 and 3 months after surgery. IOP and Her-
tel exophthalmometry values were evaluated at 3 months 
after surgery. 
OCT of the optic disc using enhanced depth imaging 
mode 
A previous study showed that the enhanced depth imag-
ing technique could visualize the anterior surface of the 
LC better than the conventional imaging technique [11]. 
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The details of this technique have been described in a pre-
vious study [11]. Patients were imaged through dilated pu-
pils using a 10- × 15-degree rectangle covering the optic 
disc. This rectangle was scanned with approximately 80 to 
90 sections, which were 30 μm apart with an average of 42 
OCT frames. 
Measurement of LCD 
LCD was measured using a previously described method 
on B-scan images preoperatively and at 1 and 3 months 
postoperatively [6]. The LCD value was determined by 
measuring the distance from the Bruch membrane open-
ing (BMO) plane to the level of the anterior LC surface. 
The anterior surface of the LC was defined by the highly 
reflective structure below the optic cup. A reference line 
connecting the two termination points of the Bruch mem-
brane was drawn on each B-scan image. The distance 
from the reference line to the level of the anterior border 
of the LC was then measured at three points: the maximal-
ly depressed point and two additional points located 100 
μm from the maximally depressed point in the temporal 
and nasal directions, respectively. The distance was mea-
sured on the line perpendicular to the reference line. All 
measurements were performed using ImageJ software (de-
veloped by Wayne Rasband, National Institutes of Health, 
Bethesda, MD, USA; available in the public domain 
at http://rsb.info.nih.gov/ij/index.html). The average value 
of these three points was considered the LCD for each se-
lected B-scan image. Nine horizontal B-scan images 
(mid-horizontal center, four scans superior to center, and 
four scans inferior to center) were estimated, and values 
from each image were averaged. When the anterior border 
of the LC was not well-visualized on specific B-scan imag-
es, an adjacent image was used for measurements. If more 
than three among the nine B-scan images were not well-vi-
sualized to discriminate the anterior surface of the LC, the 
subject was excluded from this study. All the measure-
ments were performed by one observer (YRS) who was 
blinded to the clinical information of each patient. To eval-
uate the interobserver reproducibility of the measure-
ments, 30 randomly selected B-scan images were evaluat-
ed by two independent examiners (HWB and JSY). The 
intraclass correlation coefficient (ICC) was 0.81. 
Measurement of prelaminar tissue thickness and BMO 
diameter
Prelaminar tissue thickness was calculated by measuring 
additional values. Perpendicular distances were measured 
from the reference line to the surface of the optic cup at 
the three points where the LCD was determined. The 
prelaminar tissue thickness was defined as the difference 
between the distance from the reference line to the optic 
cup surface and that from the reference to the anterior LC 
surface [6]. It was also measured in the same manner as 
the LCD. The diameter of the BMO was determined at the 
same mid-horizontal plane of the optic nerve head in both 
preoperative and postoperative images. 
The ICC value was 0.78 for the prelaminar tissue and 
0.83 for the BMO, which were calculated using the same 
method as for LCD measurement.
Measurement of peripapillary RNFL thickness
An A-scan was performed for measuring peripapillary 
RNFL thickness using an A-scan circle whose diameter 
was 3.45 mm and that was positioned manually at the cen-
ter of the optic disc. The Heidelberg Eye Explorer (viewing 
module of the Spectralis OCT system) calculated the glob-
al average RNFL thickness for the overall 360 degrees of 
the circle. 
Subgroup analysis depending on extraocular enlarge-
ment on computed tomography scan
In a previous study, compression by enlarged muscle at 
the orbital apex was regarded as the mechanism involved 
in damage to the optic nerve [12]. To evaluate the effect of 
enlargement of the extraocular muscle on the optic nerve, 
we divided subjects into two groups depending on extra-
ocular enlargement on computed tomography (CT) scan 
before the surgery. The muscle-dominant group included 
subjects who had extraocular muscle enlargement in the 
preoperative CT scan, while the fat-dominant group in-
cluded subjects who did not have extraocular muscle en-
largement in the preoperative CT scan. Axial and coronal 
images in the CT scans were evaluated for muscle enlarge-
ment. The image slice that included the lens bilaterally in 
the axial cut and the image in which the vertical muscle 
diameters were maximal in the coronal cut among the CT 
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scans were used to group fat- and muscle-dominant pa-
tients. The extraocular muscle was designated as enlarged 
if it was larger than the optic nerve on the image [13,14]. 
Clinical variables (age, sex, spherical equivalent, axial 
length, central corneal thickness, preoperative and postop-
erative IOP, preoperative exophthalmos, degree of exoph-
thalmos reduction) were compared between the two 
groups. Changes in LCD and peripapillary RNFL thick-
ness were compared between the preoperative and postop-
erative periods. 
Data analysis
The LCD in the preoperative and postoperative periods, 
the thickness of the prelaminar tissue, and the mid-hori-
zontal BMO diameter were compared using repeated-mea-
sures analysis of variance. Preoperative and postoperative 
exophthalmos and IOP change were analyzed by paired 
t-tests. Fisher’s exact test and independent t-test were ap-
propriately used for comparing clinical variables in the 
subgroup analysis after normality was verified. Normality 
tests for LCD, thickness of the prelaminar tissue, and 
BMO diameter were performed with the Kolmogor-
ov-Smirnov test, and all parameters were normal (LCD, 
p = 0.1; thickness of prelaminar tissue, p = 0.08; BMO di-
ameter, p = 0.17). Statistical analysis was performed using 
SPSS Statistics ver. 17.0 (SPSS Inc., Chicago, IL, USA). A 
p-value less than 0.05 was considered significant.
Results
Among 69 eyes enrolled in this study, 40 were included 
after excluding 19 whose OCT image quality was too poor 
to identify the surface of the LC (greater than three miss-
ing B-scan images) and 10 who did not complete all fol-
low-up imaging. The mean age was 36.83 ± 2.15 years 
(range, 18 to 71 years). Twelve subjects were men and 28 
subjects were women. The mean spherical equivalent was 
-2.62 ± 0.43 diopters (range, 0.94 to 9.12 diopters). The 
mean central corneal thickness was 541.47 ± 6.26 μm 
(range, 486 to 604 μm). The mean axial length was 24.77 ± 
0.21 mm (range, 21.98 to 27.1 mm). Preoperative IOP was 
15.1 ± 0.53 mmHg (range, 9 to 25 mmHg). The mean pre-
operative exophthalmos value was 20.95 ± 2.51 mm (range, 
16 to 26 mm). Since the first diagnosis, the mean duration 
of thyroid dysfunction was 99.40 ± 14.95 months, and the 
mean duration of GO was 63.50 ± 6.13 months (Table 1). 
The degree of exophthalmos markedly decreased from 
20.95 ± 2.51 to 15.8 ± 2.27 mm after orbital decompression 
(p < 0.001). IOP also decreased significantly from 15.1 ± 0.53 
to 14.13 ± 3.27 mmHg after surgery (p < 0.001) (Table 2). 
The ICC values for evaluation of BMO, LCD, and 
prelaminar tissue were 0.908, 0.863, and 0.825, respective-
ly. The amount of LCD was 561.91 ± 31.7 μm preoperative-
ly and 629.45 ± 34.66 and 584.78 ± 33.98 μm at postopera-
tive 1 and 3 months, respectively. The LC showed marked 
posterior displacement at 1 month postoperation (preoper-
ation vs. 1 month postoperation, p = 0.001). However, its 
displacement was significantly reversed to the preoperative 
level at 3 months postoperation (preoperation vs. 3 months 
postoperation, p = 0.117; 1 vs. 3 months postoperation, p = 
0.004). The BMO sizes were 1,694.37 ± 31.91, 1,704.9 ± 
33.76, and 1,672.63 ± 34.18 μm before surgery and at 1 and 
3 months after surgery, respectively. The size of the BMO 
Table 1. Patient clinical demographics (n = 40)
Variable Value
Age (yr) 36.83 ± 2.15
Male : female 12 (30) : 28 (70)
Spherical equivalent (diopters) -2.62 ± 0.43
Central corneal thickness (μm) 541.47 ± 6.26
Axial length (mm) 24.77 ± 0.21
Preoperative IOP (mmHg) 15.1 ± 0.53
Preoperative exophthalmos (mm) 20.95 ± 2.51
Duration of thyroid dysfunction (mon)* 99.4 ± 14.95
Duration of Graves’ orbitopathy (mon)† 63.5 ± 6.13
Values are presented as mean ± standard deviation or number (%).
IOP = intraocular pressure.
*Duration since the first diagnosis of thyroid dysfunction; †Dura-
tion since the first diagnosis of Graves’ orbitopathy.
Table 2. Preoperative and postoperative 3 months measure-
ments of exophthalmos and IOP
Preoperative Postoperative  3 months
Exophthalmos
  (mm)
20.95 ± 2.51 15.8 ± 2.27 <0.001*
IOP (mmHg) 15.1 ± 0.53 14.13 ± 3.27 <0.001*
Values are presented as mean ± standard deviation.
IOP = intraocular pressure.
*Analyzed by paired t-test, p < 0.05.
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increased at 1 month postoperation and then decreased sig-
nificantly at 3 months postoperation (preoperation vs. 
1 month postoperation, p = 0.268; 1 vs. 3 months postoper-
ation, p < 0.001; preoperation vs. 3 months postoperation, 
p = 0.26). Thickness of prelaminar tissue was 280.67 ± 
22.38, 308.33 ± 26.91, and 280.74 ± 23.2 μm at preopera-
tion, 1 month postoperation, and 3 months postoperation, 
respectively. Prelaminar tissue thickness experienced no 
significant change following surgery (preoperation vs. 
3 months postoperation, p = 0.99) (Fig. 1A). Peripapillary 
RNFL thickness was measured at preoperation and 
3 months postoperation. It also showed no definite change 
after surgery (98.55 ± 12.76 vs. 99.98 ± 12.34 μm, p = 0.1) 
In subgroup analysis, the muscle-dominant group (sub-
jects whose muscle enlargement was confirmed on preop-
erative CT) included 15 eyes, while the fat-dominant group 
(subjects whose muscle enlargement was not identified 
during preoperative CT) included 25 eyes. All clinical 
variables other than age showed no significant difference. 
The degree of exophthalmos reduction after surgery 
showed no significant difference between the two groups 
(muscle-dominant group, 5.36 ± 2.01 mm vs. fat-dominant 
group, 5.02 ± 1.74 mm; p = 0.57) (Table 3). 
At baseline, LCD was remarkably shallower in the mus-
cle-dominant group than in the fat-dominant group (mus-
cle-dominant group, 462.79 ± 95.96 μm vs. fat-dominant 
group, 621.39 ± 78.39 μm; p = 0.007). After surgery, in the 
fat-dominant group, the LC was displaced posteriorly at 
1 month postoperation and reversed at 3 months postoper-
ation (LCD at preoperative period, 621.39 ± 78.39 μm; 
1 month postoperation, 709.94 ± 82.31 μm; 3 months post-
operation, 640.92 ± 74.91 μm; preoperation vs. 1 month 
postoperation, p < 0.01; preoperation vs. 3 months postop-
eration, p = 1.0; 1 vs. 3 months postoperation, p < 0.01). 
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Fig. 1. Microstructural changes of orbital anatomy after orbital decompression surgery. (A) Change in mean magnitude of lamina cribro-
sa depth (LCD), prelaminar tissue thickness, and Bruch membrane opening (BMO) at each follow-up visit (preoperation and 1 and 3 
months postoperation) (analyzed by repeated-measures ANOVA with Bonferroni method for multiple comparison, *p < 0.05). (B) Com-
parison of LCD change between the muscle-dominant group and fat-dominant group. In the muscle-dominant group, the position of the 
lamina cribrosa showed no definite change in the postoperative periods compared with at baseline. In the fat-dominant group, the position 
of the lamina cribrosa was posteriorly displaced at 1 month postoperation and reversed at 3 months postoperation. (C) Representative im-
ages for comparison of LCD change between the muscle-dominant group and fat-dominant group. B-scan images were obtained preoper-
atively and at 1 and 3 months postoperatively from patients who underwent orbital decompression. A reference line was set by connecting 
the termination of Bruch’s membrane (yellow solid line). Green solid line: B-scan–acquired site in optic nerve head.
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However, LCD showed no definite change during the fol-
low-up period in the muscle-dominant group (LC displace-
ment preoperation, 462.79 ± 95.96 μm; 1 month postopera-
tion, 495.3 ± 81.19 μm; 3 months postoperation, 491.19 ± 
104.2 μm; preoperation vs. 1 month postoperation, p = 0.53; 
preoperation vs. 3 months postoperation, p = 0.4; 1 vs. 
3 months postoperation, p = 1.0). In repeated-measures 
analysis of variance, the two groups showed a significant 
difference according to preoperative extraocular muscle 
enlargement (p = 0.007) (Fig. 1B, 1C). Peripapillary RNFL 
thickness showed no definite change after surgery in either 
group (muscle-dominant group, 98.38 ± 5.29 to 99.46 ± 4.9 
μm vs. fat-dominant group, 101.32 ± 102.4 to 102.4 ± 12.86 
μm; p = 0.14) and no definite difference between the two 
groups (p = 0.3). 
Two subjects with CON were included in the mus-
cle-dominant group. Demographic data and LCD change 
are described in Table 4 and Fig. 2. In both subjects, LCD 
change was not remarkable. The LCD values for subject 1 
were 346.67 μm (preoperation), 348.50 μm (1 month post-
operation), and 355.17 μm (3 months postoperation). Those 
Table 3. Comparison of clinical demographics between the muscle-dominant group and fat-dominant group
Variable Muscle-dominant (n = 15) Fat-dominant  (n = 25) p-value
Age (yr)* 45.2 ± 4.01 31.8 ± 1.9 0.002†
Male : female (%)‡      2 : 13 (13.3 : 86.7)          10 : 15 (40 : 60) 0.15
Spherical equivalent (D)* -2.1 ± 2.3 -3.2 ± 2.74 0.12
Axial length (mm) * 24.65 ± 0.97 24.93 ± 1.32 0.68
CCT (μm) * 562.82 ± 30.77 529.1 ± 30.5 0.10
Preoperative IOP (mmHg)* 15.4 ± 3.11 14.92 ± 3.53 0.67
Postoperative IOP (mmHg)* 14.53 ± 1.88 13.88 ± 3.88 0.49
Preoperative exophthalmos (mm)* 21.78 ± 1.51 20.78 ± 2.93 0.53
Exophthalmos reduction (mm)* 5.36 ± 2.01 5.02 ± 1.74 0.57
Duration of thyroid dysfunction (mon)* 139.2 ± 137.14 75.52 ± 44.49 0.1
Duration of Graves’ orbitopathy (mon)* 64.67 ± 51.56 62.8 ± 29.97 0.88
Values are presented as mean ± standard deviation or number (%); LC displacement change (1 month postoperation) = postoperative 1 
month displacement − preoperative LC displacement; LC displacement change (3 months postoperation) = postoperative 3 month dis-
placement − preoperative LC displacement.
D = diopters; CCT = central corneal thickness; IOP = intraocular pressure; LC = lamina cribrosa.
*Analyzed by independent t-test after normality test (Shapiro-Wilk test, all p > 0.05); †p < 0.05; ‡Analyzed by Fisher’s exact test.
Table 4. Demographic data in subjects diagnosed with com-
pressive optic neuropathy due to Graves’ orbitopathy before 
orbital decompression
Subject 1 Subject 2
Age (yr)         71       71
Sex Female Female
Spherical equivalent (D) -0.5 0.44
Preop IOP (mmHg)        13        9
Preop exophthalmos (mm)        19      19
Exophthalmos reduction (mm)          4         4
Duration of thyroid dysfunction (mon)      361    361
Duration of Graves’ ophthalmopathy
   (mon)
       48      48
D = diopters; IOP = intraocular pressure.
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Fig. 2. Lamina cribrosa (LC) depth change in subjects diagnosed 
with compressive optic neuropathy due to Graves’ orbitopathy 
before orbital decompression.
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for subject 2 were 254.27 μm (preoperation), 253.67 μm 
(1 month postoperation), and 251.60 μm (3 months postop-
eration) (Fig. 2).
Discussion
To our knowledge, this is the first report to evaluate mi-
crostructural changes in the optic nerve rather than the 
macrostructure of orbit anatomy after orbital decompres-
sion. The mean baseline LCD was shallower with extraoc-
ular muscle enlargement than when it was absent. Addi-
tionally, in the muscle-dominant group, LCD showed no 
definite change after surgery, contrary to the fat-dominant 
group. 
According to previous normal data in which the LCD 
was evaluated depending on the mean axial length of the 
eyeball, the mean LCD was 578.2 ± 163.5 μm when the axi-
al length fell in the range of 23 to 26 mm [15]. Even though 
the results of the present study could not be directly com-
pared with these previous data, the LC of the muscle-dom-
inant group was displaced more anteriorly than that of the 
fat-dominant group at baseline. Further, the LCD of the 
muscle-dominant group at baseline tended to be shallower 
than the previous normal value. Considering increased ret-
robulbar pressure in patients with GO [9], and that the IOP 
of enrolled patients was not elevated compared with the 
normal value, translaminar pressure difference, deter-
mined as the difference between IOP and retrobulbar pres-
sure, may move to the anterior surface of the LC in the 
muscle-dominant group. Compared to the fat-dominant 
group, the extraocular muscle was enlarged in the limited 
Fig. 3. Schematic illustration of the change in lamina cribrosa depth after orbital decompression, comparing the fat-dominant group 
and the muscle-dominant group. (A) In the fat-dominant group, at baseline, retrobulbar pressure (RBP) was lower than that of the 
muscle-dominant group. Therefore, the translaminar pressure difference moves to the posterior surface of the lamina cribrosa. After 
orbital decompression, the RBP decreased, and the net translaminar pressure difference increased toward the same direction. (B) In the 
muscle-dominant group, at baseline, the RBP was relatively larger than that of the fat-dominant group, and the translaminar pressure 
difference was directed toward the anterior surface of the lamina cribrosa. After surgery, intraocular pressure (IOP) and RBP decreased 
slightly at the same time. Therefore, there was no definite change in translaminar pressure difference. Cerebrospinal fluid pressure is not 
indicated in this diagram under the assumption that it did not change after the surgery.
A
B
IOP
RBP
IOP/retrobulbar difference
Preoperative
Preoperative
Postoperative 1 mon
Postoperative 1 mon
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orbit space, and the stiffness of orbital tissue increased in 
the muscle-dominant group [16]. Those characters of ex-
traocular muscle could increase the retrobulbar pressure in 
the muscle-dominant group, leading to relatively anterior 
displacement of the LC (Fig. 3A, 3B). 
After surgery, the LC sustained its depth in the mus-
cle-dominant group, contrary to the temporary posterior 
displacement and reversal of the LC in the fat-dominant 
group, although similar amounts of exophthalmos reduc-
tion and IOP change were observed in the two groups (Fig. 
1C). The primary event of GO in the muscle-dominant 
group is muscle enlargement. Therefore, anterior displace-
ment of LC in the muscle-dominant group is believed to be 
related to the “stiffness and rigidity of extraocular muscle” 
surrounding the optic nerve and eyeball [17,18]. The mini-
mal change of LCD after orbital decompression in the 
muscle-dominant group was due to the “low resilience” of 
muscle, which even becomes more severe after orbital de-
compression [19].  
On the contrary, in the fat-dominant group, more poste-
rior LC displacement developed at 1 month after surgery 
and was restored to the baseline position at 3 months after 
surgery. As it is impossible to directly measure the change 
of retrobulbar pressure, the precise mechanism for this se-
rial change of LC depth after surgery cannot be verified. 
However, the change of LCD after surgery seems to be re-
lated to the abrupt disequilibrium and slow recovery of the 
IOP-retrobulbar pressure relationship. The abrupt pressure 
change could have been induced by herniation of stretched 
and relaxed muscles into the expanded bony space. Over 
time, wound healing of the periorbita and soft tissues of 
the decompressed orbit might have caused a variable de-
gree of fibrosis. 
To find an appropriate explanation, representative preop-
erative and postoperative 3-month CT scans of a patient 
with fat-dominant proptosis were reviewed (Fig. 4A, 4B). 
As we see in preoperative CT scans, the redundant optic 
nerve straightens and stretches in response to intraconal 
fat expansion, resulting in axial proptosis. Probably in this 
period, simultaneous with the globe being pushed forward 
by fat volume, the optic nerve and muscles underwent ad-
aptation and lengthening due to stretching, pulling the LC 
backward. On the postoperative CT scan at 1 month after 
surgery, the extraocular muscles and optic nerve were still 
elongated and flexible. An especially long, thin, elastic in-
ferior rectus muscle was herniated through the maxillary 
sinus. This could cause sudden reduction in optic nerve 
tension and intraconal pressure, resulting in more posterior 
A B
Preoperative
Postoperative 1 mon
Postoperative 3 mon
Fig. 4. Change of intraorbital structure in patients of two groups (A, fat-dominant group; B, muscle-dominant group) between the pre-
operative and postoperative periods on orbital computed tomography scans. (A) In the fat-dominant group, extraocular muscle and optic 
nerve seemed to lose their tension temporarily at 1 month after surgery but was restored at 3 months after surgery. (B) In contrast, in the 
muscle-dominant group, there was only a slight change in tension of the extraocular muscle and optic nerve compared to the fat-domi-
nant group.
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displacement, albeit transient for LC. However, in CT scan 
images at 3 months after surgery, the extraocular muscles 
were enlarged, showing gain in elasticity and decrease in 
intraconal fat volume. Although the configuration of the 
optic nerve was not precisely defined in CT scans, the op-
tic nerve probably readapted and achieved elasticity ac-
cording to the reconformation of orbital volume.
Consequently, the LC maintained its depth in the mus-
cle-dominant group despite the surgery. Two subjects with 
CON were included in the muscle-dominant group in this 
study (Fig. 2). Their baseline LC positioning (346.67 and 
254.27 μm) was anteriorly displaced compared to previous 
normal values (578.2 ± 163.5 μm). This result represents ev-
idence that enlarged extraocular muscle increase retrobul-
bar pressure [9], causing anterior displacement of the LC. 
In addition, these two subjects showed no definite change 
in LC position during follow-up. This could be explained 
by the stiffness of the extraocular muscle mentioned 
above. 
The RNFL thickness was measured at 3 months postop-
eration and demonstrated no definite change compared to 
the preoperative level. Given that visual field loss was pre-
ceded by RNFL loss, and that progressive disc change may 
be detected before visual field change [20-22], the study 
showed that visual f ield damage was not present at 3 
months postoperation. However, RNFL thinning pro-
gressed even 2.5 years after trabeculectomy, which in-
duced anterior displacement of the LC in patients with pri-
mary-open angle glaucoma in previous research [23,24]. 
Considering these prior studies, the follow-up period of 
this study was too short to determine the effect of orbital 
decompression on RNFL thickness. Accordingly, continu-
ous follow-up is needed for evaluating RNFL damage af-
ter orbital decompression, which induces LCD change 
such as that seen in the fat-dominant group. If RNFL dam-
age would be observed in this group, appropriate action 
(e.g., IOP-lowering drugs) should be performed for pre-
venting additional damage. 
This study has some limitations. First, it included a small 
number of subjects because of a difficulty in acquiring 
good-quality images and sustained follow-up data. Second, 
we could not perform comparisons with age- and sex-
matched normal controls or patients with GO who did not 
receive surgery. Third, the follow-up period was too short 
to measure the change in RNFL thickness caused by orbit-
al decompression. Furthermore, we could not include visu-
al function testing results, as they were not sufficient to 
analyze. Also, we did not analyze the LCD according to 
axial length, although baseline axial length showed no 
definite difference between the two groups. We hope to 
continue analyses of LCD in both GO and normal control 
groups and compare the data. 
Despite these limitations, we demonstrated the sheer 
mechanical effect of orbital decompression on the micro-
structure of the optic nerve in this study. The results of 
this study suggest that extraocular muscle enlargement is 
important for lowering the decompressive effect of orbital 
decompression around the scleral canal. Further study is 
required to determine the effect of GO itself comparing 
age- and sex-matched normal controls and that of orbital 
decompression on optic disc microstructures with a larger 
sample of patients with CON.
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